BACKGROUND: Previous studies have documented income differences between male and female physicians. However, the implications of these differences are unclear, since previous studies have lacked detailed data on the quantity and composition of work hours. We sought to identify the sources of these income differences using data from a novel survey of physician work and income. OBJECTIVE: To compare differences in income between male and female physicians. DESIGN: We estimated unadjusted income differences between male and female physicians. We then adjusted these differences for total hours worked, composition of work hours, percent of patient care time spent providing procedures, specialty, compensation type, age, years in practice, race, ethnicity, and state and practice random effects. PARTICIPANTS: We surveyed 656 physicians in 30 practices in six states and received 439 responses (67% response rate): 263 from males and 176 from females. MAIN MEASURE: Self-reported annual income. KEY RESULTS: Male physicians had significantly higher annual incomes than female physicians (mean $297,641 vs. $206,751; difference $90,890, 95% CI $27,769 to $154,011) and worked significantly more total hours (mean 2470 vs. 2074; difference 396, 95% CI 250 to 542) and more patient care hours (mean 2203 vs. 1845; difference 358, 95% CI 212 to 505) per year. Male physicians were less likely than female physicians to specialize in primary care (49.1 vs. 70.5%), but more likely to perform procedures with (33.1 vs. 15.5%) or without general anesthesia (84.3 vs. 73.1%). After adjustment, male physicians' incomes were $27,404 (95% CI $3120 to $51,688) greater than female physicians' incomes. CONCLUSIONS: Adjustment for multiple possible confounders, including the number and composition of work hours, can explain approximately 70% of unadjusted income differences between male and female physicians; 30% remains unexplained. Additional study and dedicated efforts might be necessary to identify and address the causes of these unexplained differences.
INTRODUCTION
Almost 55 years after the passage of the Equal Pay Act, women still earn less than men. 1 Even though approximately half of medical school matriculants are women, 2, 3 this pay disparity extends to physicians as well.
Prior analyses have noted income differences between men and women in the physician population at large, 4 , 5 among Medicare-participating physicians, 6 among academic physicians, 7 and among physicians within the same specialties and geographic areas. 3 These income differences have been partially explained by differences in physician age, approximate hours worked, geographic location, 5 year, and race. 4 They have also been partially explained using Medicare data on specialty, years of experience, annual number of distinct Medicare beneficiaries served, and annual Medicare service volume. 6 In addition, a study on academic physicians partially accounted for these differences by age, faculty rank, years since residency, specialty, receipt of National Institutes of Health funding, clinical trial participation, publication count, Medicare reimbursements, graduating medical school rank, and fixed effects for medical schools. 7 Similar income gaps have been studied for among masters of business administration (MBA) graduates, 8 lawyers, 9 and pharmacists. 10 For business professionals with MBAs, the earning gap between men and women progressively widened through 10 years after graduation, although at 10 years, that gap could be explained by pre-MBA characteristics, MBA performance, hours worked, any period of not working, and reasons for choosing one's job. For lawyers, the income gap 15 years after graduation was partially explained in two different law school cohorts by demographics, law school grades, family characteristics, annual work hours, full-time vs. parttime job experience, and job setting. 9 The gender income gap among pharmacists was large on an annual basis, but was almost fully explained by hours worked. 10 It was theorized that these differences between professions are largely due to non-linear relationships between work hours and income. 11 Among MBA holders and lawyers, for example, professionals that work more hours without periods of not working may strengthen client relationships and gain institutional knowledge in ways that are not possible for part-time workers. Over time, these characteristics enhance productivity, and therefore pay, in ways that cannot be matched through part-time work. On the other hand, pharmacy is a field largely driven by hourly work (nearly 40% of pharmacists earned overtime pay in 2014), 12 and there are fewer opportunities to gain non-linear increases in income. It is not surprising that the gender income gap among pharmacists is almost entirely driven by hours worked. The gender income gap among physicians has not yet been entirely explained by hours worked, and it is still unclear whether the pay structure in the profession more closely resembles that of pharmacy or that of business and law.
Previous studies of the gender income gap in medicine have not controlled for the exact quantity and composition of hours worked. This is not only important because of the possible non-linear relationship between hours and income, but also because not all work hours lead to the same remuneration. For example, time spent performing procedures tends to be more highly compensated than time spent performing cognitive services. 13 To determine whether controlling for the quantity and composition of work hours could account for observed disparities in incomes, we analyzed responses to a multistate survey of physicians.
METHODS

Data Source
In a 2013 study of physician professional satisfaction, we surveyed 656 practicing physicians in 30 practices within each of six states: Colorado, Massachusetts, North Carolina, Texas, Washington, and Wisconsin. 14 We consulted with each state's medical society and created a list of practices for potential inclusion in the study. Practices were selected to achieve diversity in practice size (10 small with < 10 physicians, 11 medium with 10-49 physicians, 9 large with > 49 physicians), specialty (15 multispecialty, 10 primary care, 5 single subspecialty), and ownership model (19 physician owned or physician partnership, 11 hospital or other corporate ownerships). The practice sample was not nationally representative. Most practices agreed to participate and all but one participating practice completed the study. That practice was replaced before data collection with another practice from the same state. We surveyed all physicians within each practice, receiving 452 responses, of which 439 included a response for physician gender (69% response rate overall; 67% response rate for gender).
The physician survey (see Online Appendix 1 for survey instrument) collected self-reported income from the past year as well as gender, specialty, hours worked per week, weeks worked per year, composition of work hours, percent of patient care time spent providing procedures, compensation type, age, years in practice, race, and ethnicity. This study is a secondary analysis of the survey data; the survey was originally intended to measure physician professional satisfaction and related determinants. Analysis of these survey data was approved by the RAND Human Subjects Protection Committee. hours worked per year (in hours), work hour composition (percentage of time spent on patient care, teaching, research, administration, and other), percent of patient care hours spent performing procedures with and without general anesthesia (categorized as 0%, 1-24%, or ≥ 25%), and compensation type (fixed salary, salary adjusted for performance, shift, hourly or other time-based method, or share of practice billing or workload). Practice covariates included the following: practice size (≤ 9 physicians, 10-49 physicians, or ≥ 50 physicians), practice specialty (primary care, single subspecialty, or multispecialty), and practice ownership model (physicianowned or partnership, or hospital or corporate owner). We also included state and practice random effects.
Measures
Statistical Analyses
We estimated several multilevel mixed-effects generalized linear models of annual income as a function of different covariates. Model 1 estimated income as a function of physician gender alone; Model 2 additionally adjusted for state and practice random effects and practice covariates; Model 3 additionally adjusted for hours worked per year; Model 4 additionally adjusted for specialty. Model 5 additionally adjusted for work hour composition, and Model 6 additionally adjusted for the percent of patient care hours spent performing procedures with and without general anesthesia, and compensation type. Model 7 additionally adjusted for age, years in practice, race, and ethnicity. We report the difference between male and female incomes in every model to show how the difference was Bexplained^by additional covariates and how much of the residual difference remained unexplained.
We excluded respondents whose reported work hours exceeded the 95th percentile (3550 h/year) because such extreme values might have been misreported or might be considered Bovertime^hours that deserve higher effective hourly wages. In all models, we winsorized income at the 95th percentile ($600,000) to limit the influence of extreme outliers. Winsorization of these outliers can help compare Blike to like,^as respondents earning very high incomes may have fundamentally different work or business arrangements compared to all other respondents. 15 Non-response can bias estimates of parameters and relationships even among surveys with high response rates. 16, 17 Therefore, we constructed nonresponse weights using data on gender, age, AMA membership, state, individual specialty, practice size, practice specialty, and practice ownership model and used the weights in all models to account for differences between survey responders and non-responders. Multiple imputation by chained equations is the preferred method for addressing missing data in observational studies. 18, 19 Here, we used multiple imputation for the following covariates: gender; age; years in practice; race; ethnicity; hours worked per year; percent of hours worked in teaching, research, administration, and other; percent of patient care hours spent performing procedures with and without general anesthesia; and compensation type. State effects were assigned to the state level of the model. Practice random effects and a vector of practice characteristics (practice specialty, size, and ownership model) were assigned to the practice level of the model. All other covariates were assigned to the individual level. Standard errors were clustered within states and practices.
RESULTS
Sample Characteristics
The survey sample contained 439 physicians with gender data (263 men and 176 women, Table 1 6 .3%) and in practices that were physician-owned or a partnership (52.1 vs. 38.6%). The number of male and female physicians surveyed also significantly differed between states in the sample. There was no significant difference in Hispanic ethnicity or practice size between the groups. Demographically, our sample was of similar age, but more female, more white, less Hispanic, and more specialized in primary care compared to several national samples (Online Appendix 2).
20, 21
Multivariable Analyses Table 2 describes the difference between mean male and female incomes in each of our models and the covariates in each model. All models include winsorized income at the 95th percentile, a sample restricted to the bottom 95% of hours (< 3550 h per year), non-response weights, and imputed non-outcome covariates. In the unadjusted model, model 1, male physicians reported annual incomes that were $90,890 (95% CI $27,769 to $154,011) higher than female physicians. This difference decreased to $51,308 (95% CI $9636 to $92,981) when adjusting for state, practice, and practice characteristics random effects (model 2). The difference decreased further to $39,521 (95% CI $6646 to $72,396) when additionally adjusting for hours worked (model 3). When additionally adjusting for specialty group, this difference fell further, to $26,535 (95% CI $526 to $52,543) (Model 4). In model 5, we further adjusted for the percentage of work hours in each category, with modest marginal reduction in mean adjusted male-female income difference $24,726 (95% CI $-1174 to $50,625). In model 6, men earned $26,679 (95% CI $-1048 to $54,405) more than women after additionally adjusting for percent of patient care time spent providing procedures under and not under general anesthesia, and compensation type.
In model 7, our full model, male physicians earned $27,404 (95% CI $3120 to $51,688) more than female physicians after additionally adjusting for age, years in practice, race, and ethnicity. This indicates that adjusting for the characteristics in the full model explained 69.8% of the unadjusted winsorized income difference between men and women in our sample. Additional model specifications are detailed in Online Appendices 3 and 4. 
DISCUSSION
We analyzed gender differences in physician income using a survey administered in 30 practices across six states. Our adjusted models could account for approximately 70% of the unadjusted difference in incomes between male and female physicians. The residual, unexplained income gap between male and female physicians might represent disparities in income due to differences in work composition that were not captured by our survey (e.g., performing more profitable procedures), or it may represent discrimination in pay. Building more complete models of the physician gender income gap and determining the composition of unexplained residuals might be important to understanding and closing gaps in physician pay. Of note, we were able to reduce this residual by more than in a prior analysis of a national sample of physicians and by an amount similar to that in a prior analysis of academic physicians (Online Appendix 5). 4, 7 The national study of physicians only employed limited controls for demographics (age, race, geographic location, year) and productivity (approximate hours worked) compared to our analysis. 4 It is therefore expected that our models explain more of the income gap, even with a smaller sample size. Similar to our analysis, the prior study of academic physicians partially explained the residual income gap using demographic factors (age, faculty rank, years since residency), specialty, measures of productivity (receipt of National Institutes of Health funding, clinical trial participation, publication count, Medicare reimbursements), and measures of quality (graduating medical school rank, fixed effects for medical schools). 7 These factors mirror the covariates in our model, with the exception of measures of physician quality. Still, the persistence of similar unexplained residuals in models of separate populations of physicians with separate covariates suggests that other drivers of gender differences in income are present. Future work should employ longitudinal analyses to examine the change in the gender income over physicians' careers, especially with respect to periods of parttime work or non-work, as with prior analyses among business professionals and lawyers. 8, 9 These analyses should also examine hourly earnings in a national sample, similar to a prior study of pharmacists. 10 Understanding the differences in income between male and female physicians over time is likely a key to understanding the drivers of the gap. The unexplained residual in the gap could be driven by nonlinear increases in productivity, as described in studies of business professional or lawyers, or by other factors, including overt discrimination, types of procedures performed, or patient volume. Future research should consider all of these factors in studying the gender income gap among physicians.
Our study has limitations. First, our analysis was based on responses to a survey that was of modest sample size and which was not designed to be nationally representative. These survey characteristics limit the generalizability of our findings. However, our findings are similar to those of nationally representative samples, 4, 7 and our sample of survey responders is similar to non-responders on several demographic characteristics. Second, our dataset contained missing data for self-reported income and for several explanatory covariates. To correct for this, we used multiple imputation by chained equations to impute missing data for non-outcome covariates. This imputation ensures that all models have the same sample size and are comparable. Third, we relied on self-reported incomes and hours worked per year; we were unable to validate these figures by comparison to another data source. Fourth, we lacked data on patient volume or type of procedures performed.
Men reported significantly higher incomes than women in a sample of 439 physicians in 30 practices across six states. After adjusting for a variety of relevant factors, including hours worked and time spent performing procedures, approximately 30% of this residual difference continued to be unexplained. Future work is necessary to determine the cause of this persistent disparity.
